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(54) Method for manufacturing microstructure, method for manufacturing liquid discharge head, 
and liquid discharge head 



(57) A method for manufacturing a microstructure 
comprises the steps of fomiing positive type resist layer 
(PMMA) on a base plate having heater formed thereon; 
forming positive type resist layer (PMIPK) on the afore- 
said positive type resist layer; exposing the positive type 
resist layer on the upper layer to ionizing radiation of the 
wavelength region that gives decomposition reaction to 
the positive type resist layer (PMIPK) for the formation 
of a designated pattern by development; exposing the 



positive type resist layer on the lower layer to ionizing 
radiation of the wavelength region that givens decom- 
position reaction to the positive type resist layer (PMMA) 
for the formation of a designated pattern by develop- 
ment; and coating photosensitive resin film having ad- 
hesive property on the resist pattern formed by the pos- 
itive type resist layer (PMMA) and positive type resist 
layer (PMIPK); and then, dissolving the resist pattern to 
be removed after the resin film having adhesive property 
is hardened. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present Invention relates to a liquid dis- 
charge recording head for generating recording liquid 
small droplets used for ink jet recording method, and a 
method for manufacturing such head. More particularly, 
the invention relates to a method of manufacture for pro- 
ducing an ink flow path configuration, as well as a head 
using such configuration, being capable of discharging 
micro liquid droplets stably to provide high image quality, 
and also, implementing high-speed recording. 
[0002] Further, the invention relates to an ink jet re- 
cording head the ink discharge characteristics of which 
are Improved on the bases of the aforesaid method for 
manufacluring an Inkjet head. 

Related Background Art 

[0003] The ink jet recording method {liquid discharge 
recording method) that performs recording by discharg- 
ing recording liquid, such as ink, is generally provided 
with liquid flow path, the liquid discharge energy gener- 
ating portion, which is provided for a part of such liquid 
flow path, and the fine recording liquid discharge port 
(hereinafter referred to as the "orifice") that discharges 
liquid in the aforesaid liquid flow path by means of ther- 
mal energy given by the liquid discharge energy gener- 
ating portion. Conventionally, as the method for manu- 
facturing a liquid discharge recording head of the kind, 
there have been the following among some others, for 
example: 

[0004] A method of manufacture in which after form- 
ing through hole for supplying ink on the element base 
plate where the heaters that generate thennal energy 
for use of liquid discharge, and driver circuit and others 
for driving these heaters are formed, the walls of Ink flow 
path is fonned by patterning using photosensitive neg- 
ative resist, and then, a plate having ink discharge ports 
fomr^ed by electro-casting or exclmer laser processing 
thereon is bonded to the element base plate; and 
[0005] A method of manufacture In which the element 
base plate manufactured by the same method as de- 
scribed above is prepared, and ink flow path and ink dis- 
charge ports are processed on a resin film (usually, poly- 
imide is preferably used) having bonding layer thereon 
by means of excimer laser, and then, the liquid flow-path 
structural plate thus processed and the aforesaid ele- 
ment base plate are adhesively bonded by giving heat 
under pressure. 

[0006] For the ink jet head thus manufactured, it is 
necessary to make the distance between each heater 
and discharge port, which exerts influence on the dis- 
charge amount, as small as possible in order to dis- 
charge micro liquid droplets for high-quality recording. 



To this end, it is also necessary to lower the height of 
Ink flow path, as well as to downsize the discharge 
chamber serving as the bubble generating chamber, 
which is a part of the ink flow path adjacent to the liquid 
5 discharge energy generating portion, and each of the 
discharge ports. In other words, to enable the head thus 
manufactured to discharge micro liquid droplets, there 
is a need for the application of thin film process to the 
formation of the liquid flow-path structure, which should 
10 be laminated on the base plate. However, it is extremely 
difficult to process thin film liquid flow-path structural 
plate in high precision and bond it to the base plate. 
[0007] In order to solve the problems related to these 
methods of manufacture, a method for manufacturing 
15 an ink jet head has been disclosed in the specification 
of Japanese Patent Publication No. 6-45242, in which 
on the base plate where liquid discharge energy gener- 
ating element is formed, the model of ink flow path Is 
patterned using photosensitive material, and a covering 
20 resin layer is formed on the aforesaid base plate by coat- 
ing to cover the model pattern, and then, the photosen- 
sitive material used for the model is removed after the 
formation of ink discharge port on the covering resin lay- 
er, which is communicated with the model of the afore- 
25 said ink flow path (hereinafter, this may be abbreviated 
as the "injection molding method"). For this method of 
head manufacture, positive model resist is used as the 
photosensitive material from the viewpoint of easier re- 
moval. In accordance with this method of manufacture, 
30 micro processing is possible for the f onmation of ink flow 
path, discharge port, and others in extremely high pre- 
cision, because semiconductor photolithographic tech- 
nique is adopted. However, the method of manufacture 
that adopts such semiconductor method of manufacture 
35 fundamentally limits the configuration changes near the 
ink flow path and discharge port to those in a two-dimen- 
sional direction, which is parallel to the element base 
plate inevitably. In other words, it is impossible to ar- 
range the photosensitive material layer to be multiply 
40 layered, because photosensitive material is used for the 
models of ink flow path and discharge port. As a result, 
the desired pattern, which may provide variations in the 
height direction, cannot be obtained for the model of ink 
flow path or the like. (The configuration in the height di- 
45 rectlon from the element base plate is limited uniformly.) 
This inevitably presents impediment to designing the ink 
flow path for the implementation of high-speed and sta- 
ble discharge. 

[0008] On the other hand, in the specification of Jap- 
so anese Patent Laid-Open Application 10-291317, there 
is a disclosure that when processing a liquid flow-path 
structure by means of excimer laser, the processing 
depth of resin film is controlled by partially changing the 
degree of opaqueness of the laser mask so as to imple- 
55 ment the configuration changes of the ink flow path in a 
three-dimensional direction, that is, the direction within 
the plane parallel to the element base plate, as well as 
in the height direction from the element base plate. The 
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SUMMARY OF THE INVENTION 

(001 01 In the specification of Japanese Patent Laid- 
open Application No, 4-216952, a method is disclosed 
in which after a first layer of negative type resist is 
formed on a base plate, a desired patter is given as la- 
tent image, and, further, after a second layer of negative 
type resist is covered over the first layer, a desired pat- • 
tern is given as latent image only on the second layer, 
and then, lastly patterned latent images on upper and 
lower layers are developed. In this method, the sensitive 
regions of wavelength are made different for the nega- 
tive type resists used for the upper and lower layers, re- 
spectively, and both upper and lower resists are sensi- 
tive to ultraviolet (UV) rays or the upper layer negative 
type resist is sensitive to ultraviolet (UV) rays, while the 
lower layer negative type resist is sensitive to deep-UV 
or ionizing radiation, such as electron rays or X-rays. In 
accordance with this disclosed method, it is possible to 
form the patterned latent image the configuration of 
which is changeable not only in the direction parallel to 
the base plate, but also, in the height direction from the 
base plate. 

[0011] Now, therefore, the inventors hereof have as- 
siduously made studies on the disclosed art of Japa- 
nese Patent Laid-Open Application No. 4-216952 in or- 
der to apply such art to the model Injection method de- 
scribed above. In order words, it is considered that by 
the application of the disclosed art of Japanese Patent 
Laid-open Application No. 4-216952 to the model for- 
mation of the ink flow path by the model injection meth- 
od, the height of positive type resist, which serves as 
the model of the Mow path orthe lil<e, is made locally 
changeable. Actually, experiments are carried out for 
the fomiation of model having different patterns on the 
upper and lower parts thereof with respect to a base 
plate using the alkali-developed positive type photo-re- 
sist fomied by mixture of alkali-soluble resin (novolac 
resin or polyvinyl phenol) and naphtha-quinone diazide 



ation of those points discussed above. It is an object of 
the invention to provide an inexpensive but highly pre- 
cise and reliable liquid discharge head, as well as a 
method for manufacturing such head, 
[0014] Particularly, the present invention relates to a 
method of manufacture, which makes it possible to op- 
timize the three-dimensional configuration of ink flow 
path for the fomiation of ink flow path, and the head pro- 
vided with such flow path, that can suppress the vibra- 
tions of meniscus at high speed for refilling ink. 
[0015] Also, it is an object of the invention to provide 
a new method for manufacturing a liquid discharge 
head, which Is capable of manufacturing the liquid dis- 
charge head the liquid flow path of which is fomied ex- 
actly in good precision, with the structure that can be 
precisely processed in good production yield, 
[0016] Also, it is another object of the invention to pro- 
vide a new method for manufacturing a liquid discharge 
head, which is capable of manufacturing the liquid dis- 
charge head having excellent mechanical strength and 
resistance to chemical substances, while making mutu- 
al influences smaller with respect to recording liquid. 
[0017] In order to achieve the objects described 
above, the present invention has realized at first the 
manufacture forforming athree-dimensional configura- 
tion of liquid flow path in high precision, and then, char- 
acteristically, it hasfound the good configuration of liquid 
flow path that can be materialized by such method of 
manufacture. 

[0018] In other words, a first invention hereof propos- 
es a method for manufacturing a microstructure com- 
prising the following steps of: 

fomiing on a base plate a first photosensitive mate- 
rial layer to be exposed to light of a first wavelength 
region; 

forming on the first photosensitive material layer a 
second photosensitive material layerto be exposed 
to light of a second wavelength region; 
irradiating light of the second wavelength region to 
the surface of the base plate having the first and 
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second photosensitive material layers formed ther- 
eon through a mask to enable only desired area of 
the second photosensitive material layer to react; 
and 

in-adiating light of the first wavelength region to the 
surface of the base plate having the first and second 
photosensitive material layers formed thereon 
through a mask to enable only desired area of the 
first photosensitive material layer to react, wherein 
the upper and lower patterns are made different with 
respect to the base plate by use of each of the steps, 
and the first and second photosensitive material 
layers are positive type photosensitive materials, 
and lights of the first and second wavelength re- 
gions are ionizing radiations. 

[0019] A second Invention proposes a method for 
manufacturing a microstructure sequentially comprising 
the following steps of: 

forming on a base plate a first positive type photo- 
sensitive material layer to be exposed to light of a 
first wavelength region; 

fomiing on the first positive type photosensitive ma- 
terial layer a second positive type photosensitive 
material layer to be exposed to light of a second 
wavelength region; 

iradiating light of the second wavelength region to 
the surface of the base plate having the first and 
second positive type photosensitive material layers 
formed thereon through a mask to decompose only 
desired area of the second positive type photosen- 
sitive material layer to react without giving decom- 
position reaction to the first positive type photosen- 
sitive material layer, and subsequently, forming by 
development a desired pattern on the second pos- 
itive type photosensitive material layer on the upper 
layer; 

irradiating light of the first wavelength region to the 
surface of the base plate having the first and second 
positive type photosensitive material layers formed 
thereon through a mask to decompose at least the 
designated area of the first positive type photosen- 
sitive material layer to react, and subsequently, 
fomiing by development a desired pattern on the 
first positive type photosensitive material layer on 
the lower layer, wherein 

the upper and lower patterns are made different with 
respect to the base plate by use of each of the afore- 
said steps. 

[0020] A third invention is a method for manufacturing 
a liquid discharge head comprising the steps of forming 
a model pattern by removable resin on the liquid flow- 
path fonning portion on a base plate having liquid dis- 
charge energy generating element fomried thereon; and 
fomning liquid flow path by dissolving and removing the 
model pattern subsequent to coating and hardening a 



covering resin layer on the base plate to cover the model 
pattern, wherein the step of fonning the model pattern 
sequentially comprises the following steps of: 

5 forming on the base plate a first positive type pho- 
tosensitive material layer to be exposed to light of 
a first wavelength region; 

fomning on the first positive type photosensitive ma- 
terial layer a second positive type photosensitive 
10 material layer to be exposed to light of a second 
wavelength region; 

irradiating light of the second wavelength region to 
the surface of the base plate having the first and 
second positive type photosensitive material layers 

15 fomied thereon through a mask to decompose only 
desired area of the second positive type photosen- 
sitive material layer to react without giving decom- 
position reaction to the first positive type photosen- 
sitive material layer, and subsequently, forming by 

20 development a desired pattern on the second pos- 
itive type photosensitive material layer on the upper 
layer; and 

irradiating light of the first wavelength region to the 
surface of the base plate having the first and second 

25 positive type photosensitive material layers formed 
thereon through a mask to decompose at least the 
designated area of the first positive type photosen- 
sitive material layer to react, and subsequently, 
fonning by development a desired pattern on the 

30 first positive type photosensitive material layer on 
the lower layer. 

[0021] A fourth invention is a method for manufactur- 
ing a liquid discharge head comprising the steps of fomn- 

35 ing a model pattern by removable resin on the liquid 
flow-path forming portion on a base plate having liquid 
discharge energy generating element fonned thereon; 
and forming liquid flow path by dissolving and removing 
the model pattern subsequent to coating and hardening 

40 a covering resin layer on the base plate to cover the 
model pattern, wherein the step of forming the model 
pattern comprises at least the following steps of: 

fonning on the base plate a first ionizing radiation 
45 decomposing type positive resist film; 

fonning on the first ionizing radiation decomposing 
type positive resist film a second ionizing radiation 
decomposing type positive resist film having 
polymethyl isopropenyl ketone as the main compo- 
se nent thereof; 

forming a desired pattern on the second ionizing ra- 
diation decomposing type positive resist film on the 
upper layer by development subsequent to decom- 
posing only desired area of the second ionizing ra- 
55 diation decomposing type positive film to react us- 
ing ionizing radiation of wavelength region giving 
decomposition reaction to the second Ionizing de- 
composing type positive resist film; and 



5 



epanern by development subsequentto^o^- 
ingthepatterncontainingdischargepottcommun.- 

cated with the liquid flow path; 
decomposing the resist pattern formed by the 

on in radiation decomposingtypepos.t.eres^^ 

ILandthesecondlonizlngradiation decomposing 

lypeposiliveresislfilmbyirradiationofionizinga- 

Jiation having wavelen^h region giving decompo- 
sition reaction to both the first ionizing rad.at.on de- 
composing type positive resist film and ^es^^^^^^ BRIEFDESCRIPTIONOFTHEDRAWINGS 
ionizing radiation decomposing type posrt.ve resist 

Sgand.™vingtheresistp.embydi. ,m 
ping the baseplateafter completion of thesteps.n 

a designated organic solvent. 



Chanter on the liquM Mmgt enerffl-ge-e-amg el 

ement. 



,(K,221 Forlhese»n6orthirdin«nW,«spre9a- 

X^„entlhere.f.a.d«ep.*eWepM^«*« 

prop^n,! ketone as the mi*n component th«»l 
roM31Also,forlliesecondorthlr(l invention, the »n 

SS^Liln decomposing we PO^if'^^';*^ 
h2oi™etnvl top»penyl ketone asthemaincompo 
n , Sate*yso«coa.«g™«W».the.«^ « 

™S™iateasWn,ah<»»npooent,and«the,on»9 
:^^:.ec..pos^.ypeP*-es..-^ 
methacndate as the main component, s theitno-Pndge 

M mm^. * S P«te«* to pio«.de a step lo 
:X*els»dtM«.-Pndget,pepo*e,«,^ 
beloAeaforesaW coating sellectuated by the soi- 

Eigehel— «t»edby««™w^"«"- 
Z4alk,.id«a,geheaddescnbe<labo«_ 
Isptie p-ete^io, the ti,.id discharge head 

:Jac,oredl.ythe-odo,man«2r:^, 
i„„ present invention as descnl»d above to rake 

he eighlo(liquidlk«.patkreaiiveiyk«o"ll»l«f« 



Fi<s1A,1B,1C,1D,1E,1Fand1Garevi»slhat 
iSttethelundamentalproc^sllowotthemett.- 
"lulaclure in accorda^w* the present 

?r"2B,2C.nd2Dare.iewsMte»tl,e 
Snoationoft^p™esatowsho»^F«s.1A, 

1B 1C 1D,1E,1FandlG. 

Fta3A'isaview that schematically showstheop^ 

system of an exposure device generally .n use 

andFig,3Bisaviewthatshowsthereflect.o^spe^ 

tract two kinds of cold mirrors, 
r*.4A,4B,«,4D,4E,4Fand4Gare«e«tt«. 

iate the p^cess llow *en «g*e™- 

bhdoe type melhaciylate resist lor the low layer 
,Hce.«lhtbe.r«Wo(ma,«fact»« 

aecordance*ithll»pi»ffl«l™«*'"' 
^.6^6B, 60, and 50 are views that ilW*e 

Iheconsnuallon of Itie process Ik* shown in Figs. 

/A 4B 4C,4D,4E,4Fand4G. 
FMAisavertically sectional viewthatshowsthe 

nozzle structure of an ink jet head having an 
pLrecordlngspeedbythemethodofmanufac^ 
ure in accordance wfth the present inven on, and 
nqeBisaverticallysectionalviewthatshowsthe 
nozzle structure of an ink jet recording head rnanu- 
aTuredbytheconventionmcthodofmanu^adure^ 
TTAisaverticatly sectional view that sho^^ 
■jet head having an improved configur..n of 

noJefilterbythemethodofmanufactu^-na^ord^ 
ancewrth the present invention, and F.a 7^^^^^^^^ 
vertically sectional view that shows an .nk)t re 
Ling head having a noise filter of convent-onal 
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configuration. 

Fig. 8A is a vertically sectional view that shows the 
nozzle structure of an ink jet head, the strength of 
which is improved by the method of manufacture in 
accordance with the present invention, and Fig. 8B 5 
is a vertically sectional view that shows the nozzle 
structure to be compared with the head represented 
in Fig. 8A. 

Fig. 9A Is a vertically sectional view that shows the 
nozzle structure of an Ink jet head, the discharge io 
chamber of which is improved by the method of 
manufacture in accordance with the present Inven- 
tion, and Fig. 9B is a vertically sectional view that 
shows the nozzle structure to be compared with the 
head represented in Fig. 9A. 
Fig. 10 is a perspective view that schematically il- 
lustrates a method of manufacture in accordance 
with one embodiment of the present invention. 
Fig. 11 is a perspective view that schematically il- 
lustrates the next step in the status of manufacture 20 
shown in Fig. 10. 

Fig. 12 is a perspective view that schematically il- 
lustrates the next step In the status of manufacture 
shown in Fig. 11. 

Fig. 13 is a perspective view that schematically II- ^5 
lustrates the next step in the status of manufacture 
shown in Fig. 12. 

Fig. 14 is a perspective view that schematically il- 
lustrates the next step in the status of manufacture 
shown in Fig. 13. 

Fig. 15 is a perspective view that schematically il- 
lustrates the next step in the status of manufacture 
shown in Fig. 14. 

Fig. 16 is a perspective view that schematically il- 
lustrates the next step in the status of manufacture 35 
shown in Fig. 15. 

Fig. 17 is a perspective view that schematically il- 
lustrates the next step In the status of manufacture 
shown in Fig. 16. 

Fig. 18 is a perspective view that schematically il- 40 
lustrates the next step in the status of manufacture 
shown in Fig. 17. 

Fig. 19 is a perspective view that schematically 
shows the ink jet head unit having assembled ther- 
eon the Ink discharge element obtained by the 
method of manufacture shown in Fig. 1 0 to Fig. 18. 
Figs. 20A and 20B are views that illustrate the noz- 
zle structures of heads manufactured by the con- 
ventional method and the method of the present in- 
vention, respectively, in orderto compare the ink re- 50 
filling capabilities thereof. 

Figs. 21 A and 21 8 are views that Illustrate the noz- 
zle structures of heads manufactured by the con- 
ventional method and the method of the present in- 
vention, respectively, in order to compare the dis- 55 
charge characteristics thereof. 



DETAILED DESCRIPTION OF THE PREFRRED 
EMBODIMENTS 

[0030] Next, the present invention will be described in 
detail. 

[0031] The method of the present invention for man- 
ufacturing a liquid discharge head has an advantage, 
among some others, that the setting of the distance be- 
tween the discharge energy generating element (heater, 
for instance) and the orifbe (discharge port), which is 
one of most important factors that exerts Influence on 
the characteristics of the liquid discharge head, as well 
as that of the positional precision between this element 
and the center of orifice, can be implemented with ex- 
treme ease. In other words, in accordance with the 
present Invention, It is made possible to set the distance 
between the discharge energy generating element and 
the orifice by controlling twice the thickness of coated 
film of the photosensitive material layer. The thickness 
of coated film of the photosensitive material layer can 
be controlled strictly in good reproducibility by means of 
the thin film coating technique conventionally In use. Al- 
so, the positioning of the discharge energy generating 
element and the orifice can be made optically using the 
photolithographic art. Then, this positioning is possible 
in a significantly higherprecision than that of the method 
for bonding a flow-path stmctural plate to a base plate, 
which has been In use for the conventional method for 
manufacturing a liquid discharge recording head. 
[0032] Also, as a soluble resist layer, polymethyl iso- 
propenyl ketone (PMIPK), polyvinyl ketone, or the tike 
is known. A positive type resist of the kind has the ab- 
sorption peak at a wavelength of nearly 290 nm, and 
being combined with resist having different region of 
photosensitive wavelength, this type of resist makes It 
possible to fonri the model of ink flow path having two- 
layered structure. 

[0033] Now, the method of manufacture of the present 
Invention is characterized in that soluble resin is used 
to fomn the model of ink flow path, and that after covering 
it with resin that becomes the flow path member, the 
model material is lastly removed by dissolution. There- 
fore, the material used forthe model, which is applicable 
to this method of manufacture, should be capable of be- 
ing decomposed and removed. There are two kinds of 
resists that can dissolve the model pattern after the for- 
mation of the target patlem, that is, alkali-developed 
positive type photo-resist formed by mixture of alkali- 
soluble resin (novolac resin or polyvinyl phenol) and 
naphtha-quinone diazide inductor, and resist of the type 
that can be decomposed by emitted rays of ionizing ra- 
diation. In general, the photosensitive wavelength re- 
gion of the alkali-developed positive type photo-resist 
lies in 400 nm to 450 nm, and the photosensitive wave- 
length region thereof is different from that of the afore- 
said polymethyl isopropenyl ketone (PMIPK), but the al- 
kali-developed positive type photo-resist is actually de- 
composed by the developer of PMIPK instantaneously. 
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Therefore, this photo-resist is not adoptable for the for- 
mation of two-layered pattern. 
[0034] On the other hand, the polymeric compound, 
one of resists decomposed by ionizing radiation rays, 
which is fomied by methacrylate, such as polymethyl 
methacrylate (PMMA), is positive type resist having the 
peak thereof at the photosensitive wavelength region of 
250 nm, and the speed of dissolution of non-exposed 
portion thereof is extremely slow in the PMIPK develop- 
er, thus being applicable to the two-layered pattern 
structure. Therefore, the aforesaid resist layer of 
polymethyl isopropenyl ketone (PMIPK) is fornied on 
the resist (PMMA). Then, the upper layer, PMIPK, is ex- 
posed and developed, at first, at a wavelength of 290 
nm. Then, the lower layer, PMMA, is exposed and de- 
veloped by Ionizing radiation rays at a wavelength of 250 
nm. In this way, the two-layered ink flow path model can 
be formed. At this juncture, when the upper PMIPK layer 
is fomned on the lower PMMA layer, the lower PMMA 
layer is decomposed by the PMIPK coating agent and 
compatibly decomposed portion is inevitably formed if 
usual spin coating method, such as solvent coating 
method, is used. Therefore, it Is preferableto adopt lam- 
inating method for the fonnation of PMIPK film. The lam- 
inating method is such that on a resin film, such as pol- 
yethylene telephtalate, PM I PK is filmed by means of sol- 
vent coating in advance, and then, this film is themnally 
transferred to the PMIPK layer under pressure. The 
glass transition temperature of PMIPK is approximately 
100** C. It is possible to transfer PMIPK film to PMMA 
by means of with the provision of heat at approximately 
120 to 160^ C. 

[003S] Now, hereunder, the description will be made 
of the process flow of the ink flow path formation in ac- 
cordance with the method of manufacture of the present 
invention. 

[0036] Figs . 1 A to 1 G are views that illustrate the proc- 
ess flow, and Figs. 2A to 2D are views that illustrate the 
continuation of the process represented in Figs. 1 A to 
1G. 

[0037] As shown in Fig. 1A, the positive type resist 
layer 12 the main component of which is PMMA is 
formed on a base plate 11 . This film can be fonfned by 
the general spin coating method. 
[0038] Then, as shown In Fig. 1 B, a positive resist lay- 
er 13 the main component of which is PMIPK is formed 
on the positive resist layer 12 by means of laminating. 
[0039] Further, as shown in Fig. 1 C, the positive resist 
layer 13 having PMIPK as the main component thereof 
is exposed. For the positive resist layer 13, a photo- 
mask 16 is adopted so as to remove exposed portion. 
Here, almost no exposure is given to acrylic resist on 
the lower layer by use of the cold mirror the product 
number of which is CM-290. This Is because most of 
light having 260 nm or more is transmitted due to acrylic 
absorption caused by carboxyl group, and no exposure 
takes place. As a result, other than the adoption of the 
cold mirror, it may be possible to perfonn exposure 



through a filter that cuts short wavelength of 260 nm or 
less. 

[0040] Then, as shown in Fig. 1 D, the exposed posi- 
tive type resist layer 13 is developed to obtain a desig- 
5 nated pattern. It is preferable to use methyl isobutyl ke- 
tone for developer. The dissolving speed of this devel- 
oper is extremely slow on non-exposed portion of acrylic 
resist. As a result, influence to the lower layer is very 
small when the upper layer is developed. 
10 [0041] Next, as shown in Fig. 1 E, the positive type re- 
sist layer 12 having PMMA as the main component 
thereof is exposed. For the positive type resist layer 12, 
the photo-mask 17 is used for removing the exposed 
portion. In this case, if the cold mirror the product 
15 number of which is CM-250 is used, the acrylic resist of 
the lower layer can be exposed. Also, if a structure is 
arranged so that the upper layer resist is not Irradiated 
by light by use of the photo-mask 17, the upper layer 
resist is not exposed. 
20 [0042] Then, as shown in Fig. 1 F, the exposed posi- 
tive type resist layer 12 on the lower layer Is developed 
to obtain a designated patter. As in the case of develop- 
ment of the upper layer, it is preferable to use methyl 
isobutyl ketone for the developer. This developer gives 
25 almost no dissolution to non-exposed PMIPK. As a re- 
sult, the upper layer pattern does not change when the 
lower layer resist is developed. 
[0043] Next, as shown in Fig. 1G, liquid flow-path 
structural material 14 is coated to cover the resist layers 
30 1 2 and 1 3 on the upper and lower layers thus patterned. 
The coating liquid-flow path structural material is the 
photosensitive material having epoxy resin as the main 
structural material as disclosed In the Japanese Patent 
No. 3143307. If xylene or other aromatic solvent is pref- 
35 erably used for dissolving this photosensitive material 
for coating, it becomes possible to prevent compatible 
solution with PMIPK. 

[0044] Further, as shown in Fig. 2A, the liquid flow- 
path structural material 14 is exposed. In general, liquid 

40 flow-path structural material 14 having negative type 
property is used. Therefore, it is an-anged to adopt the 
photo-mask 18, which does not allow light to be in-adi- 
ated to the portion becoming discharge port. 
[0045] Then, as shown in Fig. 2B, the layer of the liq- 

45 uid flow-path structural material 1 4 is developed to form 
the discharge port 15. It is preferable to use aromatic 
solvent, such as xylene, for the development. This sol- 
vent does not dissolve PMl PK, hence making it possible 
to keep the model material to remain in good shape. 

so [0046] Next, as shown in Fig. 2C, by means of total 
exposure, the positive type resist layers 1 2 and 1 3 serv- 
ing as the model material are resolved. With the Irradi- 
ation of light having a wavelength of 300 nm or less, re- 
sist material of the upper layer and lower layer is re- 

55 solved into low molecular compound to make it easier 
to be removed by use of solvent. 
[0047] Lastly, the positive type resist layers 1 2 and 13 
serving as the model material of the liquid flow path are 
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removed by use of solvent. In this process, the liquid 
flow path 1 9. which is communicated with the discharge 
port 1 5, is fomried as shown in the cross-sectional view 
in Fig. 2D. The liquid flow path 19 of the present inven- 
tion constitutes a part of liquid flow path, being in a con- 
figuration that the height of the flow path is nnade lower 
in the vicinity of the discharge chamber, which is a bub- 
ble generating chamber to be in contact with heater (liq- 
uid discharge energy generating portion). In the removal 
process of the model material using solvent, it is possi- 
ble to make the time of dissolving removal shorter with 
the provision of ultrasonic waves or mega-sonic vibra- 
tions. 

[0048] Here, in Fig. 3A, the optical system of a prox- 
imity exposure device, which is used as a general ex- 
posure device, is schematically shown. This system is 
structured in such a way that by use of a reflection con- 
denser 100, ultraviolet rays or far-ultraviolet rays emit- 
ted from a high-pressure mercury lamp (500 W, Xe-Hg 
lamp) 100 are reflected toward a screen 104, and then, 
light of desired wavelength is selected by use of the cold 
mirror 101, which reflects only light having wavelength 
needed for resist exposure, and that after being en- 
larged uniformly by use of a fly-eye lens 102, light thus 
selected is inradiated to resist (not shown) through a 
condenser lens 105, a projection optical system, and a 
masl< 106. This is arranged in order to prevent the pat- 
terning precision from being lowered due to heat con- 
version of light having unwanted wavelength for the ex- 
posure of resist when all the light is reflected. Fig. 3B is 
a view that shows the spectral spectra of reflected lights 
when using the cold mirrors CM-250 and CI\/l-290, re- 
spectively, which are installed on the mask aligner FLA- 
621 FA manufactured by Canon Incorporation. In this 
way, it is possible to produce an ink jet head provided 
with the ink flow path the height of which is partially dif- 
ferent in the process flow shown in Figs. 1 A to 1G and 
Figs. 2A to 2D by exposing and patterning two kinds of 
different resists using two kinds of exposure wavelength 
having different wavelength region. 
[0049] It is more preferable to use themno-bridge pos- 
itive type resist for the lower layer resist. Then, the mar- 
gin of the aforesaid process can be enhanced. In the 
process shown in Figs. 1A to 1G and Figs. 2A to 2D, 
PMIPK is processed to be dry film, and laminated on 
PMMA for the fonnation of the resist layer of the two- 
layered structure. The film thickness distribution of the 
dry film varies approximately 10% plus or minus due to 
volatilization of solvent at the time of film production. 
Therefore, if the upper layer is coated with PMIPK layer 
by use of spin coating method generally in use, the film 
thickness precision is significantly improved. 
[0050] The PMIPK layer can befonmed by the solvent 
coating method generally in use if the lower layer resist 
is processed to be of themno-bridge type, which makes 
it possible to eliminate the influence of the lower layer 
resist that may be exerted by the solvent used for coat- 
ing the upper layer. Further, the influence that may be 



exerted by the developer when the upper layer resist is 
developed is not given to the lower resist layer at ail. In 
this manner, the process margin is significantly en- 
hanced. 

5 [0051] The thenno-bridge positive type resist is the 
positive type ionizing radiation resist, which is disclosed 
by E.D.Roberts (American Chemical Society 1980, 43. 
231-5), and it has a thermally bridgeable unit and the 
structural unit that can be decomposed by ionizing radi- 

10 ation. The thenmo-bridge type resist enables thermo- 
bridge group to react by pre-baking subsequent to spin 
coating. As a result, even if the upper layer PMIPK is 
spin coated, the coating solvent used therefore does not 
dissolve the lower layer. Also, when PMIPK is devel- 

15 oped, no dissolution takes place by the developer. Thus, 
the process margin can be expanded. Also, methacryloy 
group, which is decomposed by ionizing radiation. Is 
provided. Therefore, if the filmed bridge is given ionizing 
radiation altogether, it is resolved into low molecular 

20 compound, which can be removed quickly in the last 
process of removing the model resist. 
[0052] The most preferable thenno-bridge type resist 
for the present invention is methacrylate, which is copo- 
lymerized with methacrylic acid, chloride methacrylate, 

25 glycidy! methacrylate, or the like as bridging group. As 
methacrylate, there is methyl methacrylate, ethyl meth- 
acrylate, butyl methacrylate, phenyl methacrylate, orthe 
like. 

[0053] It is preferable to optimize the copolymeriza- 
30 tion ratio of the bridge component In accordance with 
the film thickness of the lower layer resist. The more 
bridge component, the lesser becomes sensitivity, re- 
quiring more time for exposure. On the other hand, if the 
bridge component is made smaller, there often occur 
35 cracks In a thick film at the time of development. The 
polymerization ratio of bridge component is preferably 
applicable at 1 to 20 mol %, and more preferably, at 5 
to 10 mol %. 

[0054] Figs. 4A to 4G and Figs. 5A to 5D are views 
40 that illustrate the most preferable process that uses ther- 
mo- bridge positive type resist as the lower resist. Figs. 
5A to 5D illustrate the continuation of the process shown 
in Figs 4Ato 4G. 

[0055] In Fig. 4A, the thenmo-bridge positive type re- 
45 sist layer 32 is coated on the base plate 31 and baked. 
For coating, the generally used solvent coating method, 
such as spin coating or bar coaling, is adopted. Also, it 
is preferable to set the baking temperature at 160 to 
220'C at which the thermo-bridge reacts. 
50 [0056] Then, as shown in Fig. 4B, the positive type 
resist 33, the main component of which is PMIPK, is 
coated on the upper layer of the thenno-bridge positive 
type resist, and baked. In general, the lower layer is 
slightly decomposed by the coating solvent when PMt- 
55 PK on the upper layer is coated, and compatible layer 
is fORTied. However, the structure here being of the ther- 
mo-bridge type , there is no formation of compatible layer 
at all. 
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[0057] The baking temperature in this case is set at 
the usual PMIPK baking teoiperature without any prob- 
lem, but a hot plate or the like is used for baking, the 
temperature should often be set higher by approximate- 
ly 1 0 to 20" C for implementing the formation of pattern 
configuration in a better condition, because the resist 
layer provides heat insulation at the lower layer 
[0058] Next, as shown in Fig. 4C, the PMIPK layer 
serving as the positive type layer 33 is exposed. Here, 
it is preferable to use the cold mirror that reflects a wave- 
length of approximately 290 nm in good condition. For 
example, the cold mirror CM-290 is usable with the 
adoption of the mask-aligner PLA-621 FA manufactured 
by Canon Incorporation. 

[0059] Next, as shown in Fig. 4D, the resist layer 33 
at the upper layer is developed. It is preferable to use 
the methyl isobutyl ketone, which is the developer for 
PMIPK, but any solvent Is applicable If only It can de- 
compose the exposed portion of PMIPK. while keeping 
non-exposed portion undecomposed. 
[0060] Further, as shown in Fig. 4E, the positive type 
resist layer 32 on the lower layer is exposed. This expo- 
sure is made by use of the cold mirror that reflects a 
wavelength of 250 nm. At this juncture, PMIPK on the 
upper layer is not exposed, because the photo-mask 37 
does not allow light irradiation thereto. 
[0061] Next, as shown in Fig. 4F, the themio-bridge 
positive type resist layer 32 is developed. It is preferable 
to make development by use of methyl isobutyl ketone, 
which is the same as the developer for the upper layer 
PI^IPK, hence making it possible to eliminate any de- 
veloper influence to be exerted on the upper layer pat- 
tern. 

[0062] Next, as shown in Fig. 4G, liquid flow-path 
structural material 34 is coated to cover the thermo- 
bridge positive type resist layer 32 on the lower layer 
and the positive type resist layer 33 on the upper layer. 
For this coating, the solvent coating method, such as 
spin coating generally in use, is usable, 
[0063] Liquid flow-path structural material is the one 
havingthe epoxy resin, which is in solid state at the room 
temperature, and the onium salt, whteh generates cation 
by light irradiation, as the main components thereof, as 
disclosed in Japanese Patent No. 3143307, and pro- 
vides negative type characteristics. Fig, 5A shows the 
process In which the liquid flow-path structural material 
is given light irradiation. Here, in order not to allow light 
to be irradiated to the location where ink discharge port 
is formed, a photo-mask 38 Is used. 
[0064] Next, as shown in Fig. 5B, the pattern of the 
ink discharge port 35 is developed against the photo- 
sensitive liquid flow-path structural material 34. For this 
patterning development, any one of exposure devices 
generally in use is applicable without problem. For this 
development of the photosensitive liquid flow-path 
structural material, it is preferable to use aromatic sol- 
vent, such as xylene, which does not decompose PMI- 
PK. Also, when water repellent film should be formed 



on the liquid flow-path stmctural material, a photosen- 
sitive water repellent layer is fomned as disclosed in the 
specification of Japanese Patent Laid-Open Application 
No. 2000-326515, and then, this can be implemented 
5 by exposure and development altogether. Here, the for- 
mation of the photosensitive water repellent layer can 
be made by means of laminating. 
[0065] Next, as shown in Fig. 5C, it is arrange to irra- 
diate ionizing radiation rays of 300 nm or less altogether 
10 beyond the liquid flow-path stmctural material. With this 
irradiation, PMIPK and bridge type resist are resolved 
into low molecule for the puipose of making removal 
thereof easier. 

[0066] Lastly, the positive type resists 32 and 33 used 
15 for the fonnation of model are removed by use of sol- 
vent. In this way. as shown in Fig. 5D, the liquid flow 
path 39 that Includes the discharge chamber is fornied. 
[0067] By the application of the process described 
above, it is possible to change the height of the ink flow 
20 path from the ink supply port to the heater. With the ca- 
pability provided by the method of manufacture of the 
kind for changing the height of the ink flow path from the 
ink supply port to the heater. It is possible to optimize 
the flow-path configuration from the ink supply port to 
25 the discharge chamber. This has not only'significant re- 
lations with the speed at which ink Is refilled in the dis- 
charge chamber but also, makes it possible to reduce 
close-talks between discharge chambers. In the speci- 
fication of U.S. Patent 4,882.595 of Trueba et al, there 
30 is a disclosure as to the relations between the aforesaid 
characteristics and the two-dimensional configuration, 
that is, the configuration in the direction parallel to the 
base plate, of the ink flow path fonned on the base plate 
by means of the photosensitive resist. On the other 
35 hand, there is a disclosure in the specification of Japa- 
nese Patent Laid-Open Application No. 10-291317 of 
Murthy. et. al that by use of exclmer laser, resin liquid 
flow-path structural plate is processed in the three-di- 
mensional directions, the direction within a plane and 
40 height direction, with respect to the base plate so as to 
change the height of the ink flow path. 
[0068] However, there is often encountered a case 
where excimer laser processing makes it Impossible to 
provide sufficient precision due to the expansion of film 
45 or the like. Particularly, the precision of processing by 
use of excimer laser in the depth direction of resin film 
is affected by the brightness distribution of laser or sta- 
bility of laser light, thus making it impossible to secure 
precision good enough to distinguish the interrelations 
so between the ink low path configuration and discharge 
characteristics. Consequently, there is no disclosure in 
the specification of Japanese Patent Laid-Open Appli- 
cation No. 10-291317asto any distinct interrelations be- 
tween the height configuration of the ink flow path and 
55 discharge characteristics. 

[0069] In accordance with the present invention, the 
method of manufacture is executable by the solvent 
coating, such as spin coating, used forthe semiconduc- 
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tor manufacturing technique. Therefore, the height of ink 
flow path can be fomied stably in extremely high preci- 
sion. Also, the formation of two-dimensional configura- 
tion parallel to the base plate can be implemented in a 
precision of sub-micron order by use of the photolitho- 
graphic art used for semiconductor manufacturing. 
[0070] By the application of these methods of manu- 
facture, the inventors hereof have studied the interrela- 
tions between the height of ink flow path and the dis- 
charge characteristics. As a result, the following inven- 
tion is designed. Now, In conjunction with Figs. 6A and 
6B to Figs. 9A and 98, the description will be made of 
the preferred embodiments of a liquid discharge head 
manufactured by the method thus designed by the 
present invention. 

[0071 ] As shown in Fig. 6A, a first embodiment of the 
head of the present invention Is characterized in that the 
height of the ink flow path from the edge portion 42a of 
the ink supply port 44 to the discharge chamber 47 is 
made lower in the location adjacent to the discharge 
chamber 47. Fig. 68 is a view that shows an ink flow 
path configuration to be compared with that of the first 
embodiment. The speed at which ink is refilled in the 
discharge chamber 47 becomes faster when the height 
of the ink flow path is made higher from the ink supply 
port 42 to the discharge chamber 47, because the ink 
flow resistance becomes lower. However, when the 
height of the Ink flow path is made higher, discharge 
pressure is released to the ink supply port 42 side, too, 
and the energy efficiency is made lower. Also, cross 
talks between discharge chambers 47 become intense. 
[0072] Therefore, the height of Ink flow path is de- 
signed taking the aforesaid two kinds of characteristics 
into account. Now, by the application of the method of 
manufacture embodying the present invention, it be- 
comes possible to change the height of ink flow path in 
order to materialize the ink flow path configuration 
shown in Fig. 6A. With the head the ink flow path of 
which is made higher from the ink supply port 42 to the 
discharge member 47, the flow resistance of ink is low- 
ered to make high-speed refilling possible. Further, the 
structure is arranged to lower the height of ink flow path 
in the vicinity of the discharge chamber 47 in order to 
suppress the releasing of energy generated in the dis- 
charge chamber 47 to the Ink supply port 42 side. 
[0073] Next, Figs. 7A and 78 are views that illustrate 
a head in accordance with a second embodiment of the 
present invention. This head is characterized in that a 
column type member that captures dust particles (here- 
inafter, referred to as a "nozzle filter") is fonned in the 
ink flow path. Particularly, in Fig. 7A: the nozzle filter 58 
is configured so that it does not reach the base plate 51 . 
Also, Fig. 78 shows the structure of a nozzle filter 59 to 
be compared with that of the aforesaid second embod- 
iment. These nozzle filters 58 and 59 bring about higher 
flow resistance of ink, causing the slower refilling speed 
of ink to the ink discharge chamber 67. 
[0074] However, since the ink discharge port of an ink 



jet head for implementing higher image-quality record- 
ing is extremely small, and unless the aforesaid nozzle 
filter is installed, dust particles or the like tends to clog 
the ink flow path or discharge port, hence the reliability 
5 of the ink jet head being degraded significantly. In ac- 
cordance with the present invention, the area of ink flow 
path can be maximized, while keeping the interval be- 
tween the adjacent nozzle-filters the same as conven- 
tionally provided, thus making it possible to capture dust 
10 particles, while controlling the flow resistance of ink so 
as not to be increased. In other words, the height of ink 
flow path is made changeable so that the flow resistance 
of ink is not allowed to become higher even if column 
type nozzle filters are installed in the flow path. 
15 [0075] For example, when dust particle the diameter 
of which is 1 0 ^ or more should be captured, it is good 
enough if only the distance between the adjacent filers 
is set at 1 0 ^im or less. Here, more preferably, if the col- 
umn thai forms the nozzle filer is arranged so as not to 
20 reach the base plate 51 as shown in Fig. 7A, the sec- 
tional area of the flow path can be made larger. 
[0076] Next, as shown in Fig. 8A, the head of a third 
embodiment of the present invention is such that the 
height of the ink flow path of the liquid flow-path struc- 
25 tural material 65 that faces the central portion of the ink 
supply port 62 is made lower than that of the ink flow 
path portion that faces the opening edge 62b of the ink 
supply port 62. Fig. 88 is a view that shows the ink flow- 
path configuration to be compared with that of the third 
30 embodiment. Now referring to Fig. 6A, if the height of 
the ink flow path from the edge portion 42a to the ink 
supply port 42 to the discharge chamber 47 with respect 
to the aforesaid head structure, the film thickness of the 
liquid flow-path structural material 65, which faces the 
35 ink supply port 62, is made smaller, too, as shown in Fig . 
88, and there is a possibility that the reliability of the ink 
jet head is extremely degraded. For example, it is as- 
sumable that if jamming of a recording sheet should take 
place during recording or in a similar case, the film that 
40 forms the liquid flow-path structural material 65 is bro- 
ken, leading to ink leakage. 

[0077] However, as shown in Fig. 8A, the liquid flow- 
path structural material 65 that substantially faces the 
entire opening of the ink supply port 62 is made thick in 

45 accordance with the method of manufacture of the 
present invention, and the height of the flow path is 
made larger only for the portion that faces around the 
opening edge 62b of the ink supply port 62, which is 
needed for the intended ink supply. In this manner, the 

50 aforesaid drawback is avoided. Here, the distance from 
the opening edge 62b to the location where the height 
of flow path is formed to be higher for the liquid flow- 
path structural material 65 is detemnined by the amount 
of discharge of an ink jet head to be designed, and vis- 

55 cosity of ink used. In general, however, it is preferable 
to set such distance at approximately 10 to 100 \im. 
[0078] Next, as shown in Fig. 9A, the head of a fourth 
embodiment of the present invention is characterized in 
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that the configuration of the discharge port of the dis- 
charge chamber 77 presents a convex section. Fig. 9B 
is a view that shows the discharge port configuration of 
a discharge chamber to be compared with that of the 
fourth embodiment. The discharge energy of ink chang- 
es greatly depending on the flow resistance of ink reg- 
ulated by the discharge port configuration above the 
heater. In accordance with the conventional method of 
manufacture, liquid flow-path structural material is pat- 
terned to fomi the discharge port configuration. There- 
fore, such configuration is the one, which is the projec- 
tion of the discharge port pattern formed by a mask, and 
the discharge port is fomned through the liquid flow-path 
structural material in the same area as the opening area 
of the discharge port on the surface of the liquid flow- 
path structural material in principle. However, In accord- 
ance with the method of manufacture of the present In- 
vention, the patterning shapes on the lower layer mate- 
rial and the upper layer material are changed to make it 
possible to provide the discharge port configuration of 
the discharge chamber 77 in the convex form. With the 
configuration thus made, it becomes possible to provide 
a recording head capable of making ink discharge 
speed faster, and also, producing an effect that linearity 
of ink is increased for recording in higher image quality 
[0079] Now, hereinafter, with reference to the accom- 
panying drawings as required, the present invention will 
be described In detail. 

(First Embodiment) 

[0080] Fig. 10 to Fig. 19 are views each showing one 
example of the structure of liquid discharge recording 
head and the manufacturing procedures therefore, 
which are related to the method embodying the present 
invention. Here, in each of the examples, a liquid dis- 
charge recording head, which is provided with two ori- 
fices (discharge ports), is represented, but it is needless 
to mention that the invention is equally applicable to a 
high-density, multiply arrayed liquid discharge recording 
head, which is provided with orifices in a number more 
than two. 

[0081] At first, for the present embodiment, a base 
plate 201 formed by glass, ceramics, plastic, metal, or 
the like is used as shown in Fig. 10, for example. 
[0082] Here, Fig. 10 is a view that schematically 
shows the base plate before the layer of photosensitive 
material Is fomed. 

[0083] The base plate 201 of the kind can be used 
without any particular limitation as to the configuration, 
material, and the like if only it can function as a part of 
the wall member of liquid flow path, and also, functions 
to be the supporting member that supports the liquid 
flow-path structure fonmed by the layer of photosensitive 
material to be described later. On the base plate 201, 
liquid discharge generating element 202, such as elec- 
trothermal converting element or piezoelectric element, 
is arranged in a desired number (in Fig. 10, two pieces 



are shown, for instance). By use of the liquid discharge 
energy-generating element of the kind 202, discharge 
energy is given to ink liquid for discharging small drop- 
lets of recording liquid. In this respect, for example, 

5 when electrothermal converting element is used as the 
liquid discharge energy generating element 202, this el- 
ement heats recording liquid nearby, and generates dis- 
charge energy Also if piezoelectric element is used, for 
example, this element generates discharge energy by 

10 means of mechanical vibration. 

[0084] Here, with the element 202, electrodes (not 
shown) are connected to input control signals for driving 
the element. Also, in general, forthe purpose of enhanc- 
ing the durability of the discharge energy-generating el- 

15 ement 202, It is provided with various functional layers, 
such as protection layer. It is of course possible to pro- 
vide such functional layers without any problem in ac- 
cordance with the present Invention, too. 
[0085] As the base plate 201, silicon is used as the 

20 most versatile material therefore. In other words, the 
driver, logic circuit, and the like, which is needed for con- 
trolling the discharge energy-generating element, is pro- 
duced by use of the semiconductor manufacturing 
method generally in use. For that matter, it is preferable 

25 to use silicon for the base plate. Also, as a method for 
forming through hole for supplying ink to the silicon base 
plate, it may be possible to apply the technology and 
technique related to YAG laser or sand blasting, among 
some others. However, when the thermo-bridge type re- 

30 sist is used as the lower layer material, resin film tends 
to hang down in the through hole during the pre-baking 
operation, because the pre-baking temperature of this 
resist is extremely high as described earlier, which is far 
beyond the glass transition temperature of resin. There- 

35 fore, it is preferable that no through hole is formed for 
the base plate when coating the resist. For a method of 
the kind, it is possible to apply silicon anisotropic etching 
technology and technique using alkali solvent. In this 
case, it should be good enough if a mask pattern is 

40 formed on the backside of the base plate using silicon 
nitride having resistance to alkali or the like, while a 
membrane film is fomned on the surface of the base 
plate using the same material, which serves as the etch- 
ing stopper. 

45 [0086] Next, as shown In Fig. 11, on the base plate 
201 that contains the liquid discharge energy-generat- 
ing element 202, the bridge type positive layer 203 is 
formed. This material is the copolymer of methyl meth- 
acrylate and mathacrylic acid in a ratio of 90:10, which 

50 is sold on the market by American Polyscience Incorpo- 
ration. The resin particles are dissolved in the concen- 
tration of cyclohexanone of 30 wt%, and used as resist 
liquid. This resist liquid is coated on the aforesaid base 
plate 201 by use of spin coat method, and pre-baked for 

55 30 minutes in an oven at a temperature of 1 80** C. The 
film thickness of the film thus formed is 10 |im. 
[0087] Next, as shown in Fig. 12, on the thenrio- 
brldge type positive resist layer 203, PMtPK positive re- 
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sist layer 204 is coated. The PMIPK thus coated is ob- 
tained by adjusting the ODUR-1 010 sold by Tokyo Oka 
Kogyo K.K. so that the resin density becomes 20 wt%. 
The pre-baking is performed by use of a hot plate for 
three minutes at a temperature of 1 40° C. The film thick- 
ness of this film is 10 urn. 

[0088] Next, as shown in Fig. 13, the PMIPK positive 
resist layer 204 Is exposed. The exposure device used 
therefor is the mask aligner PLA-621 FA manufactured 
by Canon Incorporation, and the cold mirror used for this 
process is product number: CM-290. The exposure val- 
ue is 2 J/cm2. 

[0089] The ionizing radiation 205, which is reflected 
from the cold mirror CM-290, is given to PMIPK for ex- 
posure through the photo-mask 206 having the pattern, 
which is desired to be left intact. 
.[0090] Next, as shown In Fig. 14, the PMIPK positive 
resist layer 204 Is developed for the pattern fomriatlon. 
Here, a seven-minute dipping in methyl isobulyl ketone 
is used for the development. At this juncture, the expo- 
sure value is set at 100 J/cm^ using the cold mirror, 
which is needed for the pattern fonnatlon of the themrio- 
bridge type positive resist on the lower layer, and the 
photosensitivity ratio is 1 :50. As a result, there is almost 
no change on the lower layer due to the aforesaid ex- 
posure and development. 

[0091 ] Next, as shown in Fig. 1 5, the bridge type pos- 
itive resist layer 203 on the lower layer is patterned (ex- 
posed and developed). The same exposure device is 
used, and the product number of the cold min^or used 
is: CM-250. At this juncture, the exposure value is 12 J/ 
cm2 and methyl Isobutyl ketone is used for the develop- 
ment. The ionizing radiation reflected from the cold mir- 
ror CM-250 is irradiated to the thermo-bridge type pos- 
itive resist for exposure through the photo-mask (not 
shown) having the pattern, which Is desired to be left 
intact. At this juncture, diffracted light from the mask 
caused the PMIPK pattern on the upper layer is made 
thinner. Therefore, the remaining portion of PMIPK is 
designed in consideration of such portion that may be 
made thinner There is of course no need for such de- 
sign consideration of the mask if an exposure device to 
be used is provided with an optical system, whk:h is not 
affected by any diffracted light. 
[0092] Next, as shown in Fig. 16, the layer of liquid 
flow-path structural material 207 Is fomned to cover the 
patterned bridge type positive resist layer 203 on the 
lower layer and the positive resist layer 204 on the upper 
layer. The material of this layer is prepared by being dis- 
solved into 50 portion of EHPE-3150 sold by Dicell Ka- 
gaku K.K., and 50 portion of xylene using one portion of 
optical cation polymeric starter SP-172 sold by Asahi 
Denka Kogyo K.K., and 2.5 portion of silane coupling 
agent A-187 sold by Nippon Unika K.K. as coating sol- 
vent. 

[0093] Spin coating method is used for this coating, 
and the pre-bakIng is perfomied by use of a hot plate at 
90^ C for 3 minutes. For exposure, the mask aligner 



MPA-600FA manufactured by Canon Incorporation Is 
used with the exposure value of 3 J/cm2 and develop- 
ment by dipping in xylene for 60 seconds. Afterthat, bak- 
ing is made at a temperature of 100° C for one hour, 
5 thus enhancing the close contact capability of the liquid 
flow-path structural material. 
[0094] Next, forthe liquid flow-path structural material 
207, the patterning exposure and development of the 
ink discharge port 209 are carried out. For this pattern- 
to Ing exposure, any one of exposure devices generally in 
use can be used without problem. Here, at the time of 
exposure, a mask (not shown) is used in order not to 
irradiate light to the location where Ink discharge port is 
formed. 

15 [0095] After that, although not shown, cycllzed iso- 
prene is coated on the liquid flow-path structural mate- 
rial to protect this material layer from alkali solvent. The 
material used here is the one sold by Tokyo Oka Kogyo 
K.K. under the product name of OBC. Subsequently, 

20 then, the silicon base plate Is dipped in solution of te- 
tramethyl ammonium hydride (TMAH) of 22 wt% for 13 
hours at a temperature of B3**C to fomn a through hole 
(not shown) for ink supply. Also, forthe fomnation of the 
ink supply port, the silicon nitride, which is used as a 

25 mask and membrane, is patterned in advance on the 
silicon base plate. After an anisotropic etching of the 
kind, the silicon base plate is installed on a dry etching 
device with the backside thereof being placed upward, 
and the membrane film is removed by use of the etchant, 

30 which is prepared by mixing oxygen of 5 % in CF4. Then , 
the aforesaid silicon base plate Is dipped into xylene to 
remove OBC. 

[0096] Next, as shown in Fig. 17, using a low-pressure 
mercury lamp, ionizing radiation 208 of 300 nm or less 

35 is inadiated to the enter surface of the liquid flow-path 
structural material 207 to resolve the upper layer posi- 
tive type resist of PMIPK and the bridge type positive 
resist. The irradiation value is 50 J/cm^. 
[0097] After that, the base plate 201 is dipped in me- 

40 thyl lactate to remove model resists altogether as shown 
in Fig. 18, which is the vertically sectional view. At this 
juncture, the base plate is dipped In a mega-sonic bath 
of 200 MHz in order to attempt the elution thereof in a 
shorter period of time. In this way, the ink flow path 211 

45 that contains the discharge chamber is formed in order 
to produce the structure of Ink discharge element in 
which ink is Inducted from the ink supply port 21 0 to each 
discharge chamber through each ink flow path 211 and 
discharged from the discharge port 209 by use of heater. 

50 [0098] The discharge element thus produced is as- 
sembled in an ink jet head unit the mode of which is 
shown in Fig. 1 9. Then, the discharge and recording per- 
formance thereof is evaluated with the result that image 
recording is possible in excellent condition. As shown in 

55 Fig. 19, the mode of this ink jet head unit is such that 
the TAB film 214, which is used for the transfer of re- 
cording signals from and to the main body of a recording 
apparatus, is provided forthe outer surface of a holding 
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member for detachably holding an ink tank 213. for ex- 
ample, and then, the ink discharge element 21 2 is con- 
nected with electric wiring by use of electric connection 
lead 21 5 on the TAB film 21 4. 

{Second Ennbodiment) 

[00991 The present embodiment describes a modal 
example in which- methacrylate, which is not themno- 
bridgetype. is used for the lower layer resist. Here, how- 
ever, the best mode is the one that uses the thermo- 
bridge type described in the first embodiment. 
[01 001 Now, the description is given below. At first, as 
the lower layer, polymethyl methacrylate (PMMA) is 
formed on the base plate in the same manner as the first 
embodiment. 

[0101] PMMA is prepared for use by adjusting the 
ODUR-1000, which is product number on the market by 
Tokyo Oka Kogyo K.K., to the solid portion by concen- 
tration of 20 wt%. Next, PMIPK f ilm is formed on the PM- 
MA film by use of laminating method. 
[0102] Here, on the polyethylene terephthalate film 
(thickness: 25 p.m), which is given mold-strip treatment, 
PMIPK is coated by use of a roller coater to prepare the 
dry film thereof. The basic film is on the market by Teijin 
K.K., and the one that has the mold-strip treatment 
grade of A-53 is used. 

[0103] Laminating is performed in a vacuum, and the 
temperature of the upper roller is 1 60° C and that of the 
lower roller is 120° C. 

[01 04] Next, in the same manner as the first embodi- 
ment, the upper layer PMIPK is exposed and developed 
for the pattern formation. In this case, though slightly, 
the lower PMMA is gradually dissolved in the developer 
of methyl isobutyl ketone (MIBK). Therefore, the devel- 
oping time is set at 90 seconds. Methyl ester methacr- 
ylate has a comparatively low dissolution again MIBK. 
As a result, influence exerted by the upper layer devel- 
opment is not given easily, but ethyl ester, butyl ester or 
the like of methacrylate tends to be easily dissolved by 
developer Therefore, the tendency is that the process 
margin is further lowered. 

[0105] Thereafter an ink jet head is manufactured in 
the same manner as the first embodiment, and record- 
ing operation is perfonmed with the result that Image re- 
cording is possible In excellent condition. 

(Third Embodiment) 

[01 06] By the method of manufacture of the first em- 
bodiment, an Ink jet head is produced in a structure as 
shown in Fig. 6A. As shown in Figs. 20A and 20B, in 
accordance with the present embodiment, the horizon- 
tal distance from the opening edge 42a of the ink supply 
port 42 to the edge 47a of the discharge chamber 47 on 
the ink supply port side is 100 ^m for this ink jet head. 
The ink flow path wall 46 is f omned from the edge 47a 
of the discharge chamber 47 on the ink supply port side 



to a location at 60 jim on the ink supply port 42 side, and 
divides the respective discharge elements. Also, the 
height of the ink flow path is arranged to be 10 ^im over 
the portion of 1 0 ^im from the edge 47a of the discharge 
5 chamber 47 on the ink supply port side to the ink supply 
port 42 side, and 20 ^im on the other portions. The dis- 
tance from the surface of the base plate 41 to the surface 
of the liquid flow-path structural material 45 is 26 \im. 
[01 07] Fig. 20B is a view that shows the flow path sec- 
10 tion of an Inkjet head manufactured by the conventional 
method in which the height of the ink flow path is ar- 
ranged to be 1 5 ^m all over the area. 
[0108] Forthe heads shown in Fig. 20A and Fig. 20B, 
the refilling speeds subsequent to ink discharge are 
15 measured, respectively, with the result that it takes 45 
usee by the flow path structure shown in Fig. 20A, and 
25 \isec by the flow path structure shown in Fig. 208. It 
is thus found that the ink jet head manufactured by the 
method embodying the present invention makes it pos- 
20 sible to perform ink refilling at extremely high speed. 

(Fourth Embodiment) 

[01 09] A head having the nozzle filter, which is shown 
25 in Fig. 7A, is experimentally produced by the method of 
manufacture of the first embodiment. 
[0110] Now, with reference to Fig. 7A, the nozzle filter 
58 is formed by the column having a diameter of 3 |j.m 
on a position away from the opening edge of the ink sup- 
30 ply port 52 by 20 urn toward the discharge chamber 57 
side. The interval between column and column fomn the 
nozzle filter is 10 ^im. The nozzle filter 59. which is pro- 
vided by the conventional method of manufacture, Is dif- 
ferent in that it reaches the base plate 51 as shown in 
35 Fig. 78, although the position and configuration are the 
same as those of the present embodiment. 
[0111] The heads shown in Fig. 7A and Fig. 7B are 
experimentally produced, and the ink refilling speeds 
subsequent to Ink discharge are measured, respective- 
40 ly, with the result that it takes 58 usee by the filter struc- 
ture shown in Fig. 7A, and 65 ^isec by the filter structure 
shown in Fig. 7B. Then, it is found that by the ink jet 
head manufactured by method embodying the present 
invention, the ink-refilling period is made shorter 

45 

(Fifth Embodiment) 

[0112] By the method of manufacture of the first em- 
bodiment, an ink jet head structured as shown in Fig. 
so 8A is experimentally produced. 

[0113] With reference to Fig. 8A, the height of the ink 
flow path with respect to the ink supply port 62 is ar- 
ranged in such a manner that It is formed to be higher 
up to the location 30 jim away from the edge 62b of the 
55 ink supply port 62 toward the center portion of the supply 
port, and that the layer thickness of the liquid flow-path 
structural material 65 is 6 \im. The height of the ink flow 
path with respect to the ink supply port 62 on the other 
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portions than this location is arranged by the layer thick- 
ness of 1 6 Jim of the liquid flow-path structural material 
65. In this respect, the width of the ink supply port 62 is 
200 p,m, and the length thereof is 14 mm. 
[01141 Forthe head shown in Fig. 8B, the layerthick- 
ness of the portion of the liquid flow-path structural ma- 
teria! 65 is 6 \im on the portion corresponding to the ink 
supply port 62. 

[0115] The head shown in Figs. 8A and 8 Bare exper- 
imentally produced, respectively, and the dropping test 
is can-ied out for each head from a height of 90 cm, with 
the result that cracks are noticed In the liquid flow-path 
structural material 65 for 9 heads out of 1 0 heads struc- 
tured as shown in Fig. 8B, but no crack is noticed in 10 
heads structured as shown in Fig. 8A at all. 

(Sixth Embodiment) 

[0116] By the method of manufacture of the first em- 
bodiment, an Inkjet head, which is structured as shown 
in Fig. 9A, is experimentally produced. As shown in Fig. 
21 A, the discharge chamber 77 is structured in accord- 
ance with the present embodiment in such a manner 
that the rectangular portion formed by the lower layer 
resist is a square of 25 fim having a height of 10 p.m, 
and the rectangular portion fomned by the upper layer 
resist is a square of 20 jxm having a height of 10 ^im, 
and then, the discharge port is formed by round hole 
having a diameter of 1 5 pm, and that the distance from 
the heater 73 to the opening surface of the discharge 
port 74 is 26 nm. 

[0117] Fig. 21 B shows the sectional configuration of 
the discharge port of a head produced by the conven- 
tional method of manufacture. The discharge chamber 
77 is rectangular of 20 jim at one side, having the height 
of 20 ^im, and the discharge port 74 is formed with a 
round hole of 15 p.m diameter. 
[0118] The discharge characteristics of the heads 
shown in Figs. 21 A and 21 B are compared, respectively. 
As a result, it is found that the head shown in Fig. 21 A 
has a discharge speed of 15 m/sec with a discharge 
amount of 3 ng, and that the displacement accuracy is 
3 fim on a position 1 mm away in the discharge direction 
from the discharge port 74. Also, the head shown in Fig. 
21 B has a discharge speed of 9 m/sec with a discharge 
amount of 3 ng, and the displacement accuracy thereof 
is 5 ^m. 

[01 19] As described above, the present invention pro- 
duces the following effect: 

(1 ) not only it is extremely easy to form the precise 
part of the liquid flow-path structure of a liquid dis- 
charge head, but also, ft is easy to process many 
numbers of the liquid discharge heads each having 
the same structure at a time, because the major 
process of manufacturing the head is perfomned by 
photolithographic art that uses photo-resist, photo- 
sensitive dry film, and the like. 



(2) It is possible to change the height of liquid flow 
path partially so as to provide a liquid discharge 
head capable of effectuating faster refilling of re- 
cording liquid for higher-speed recording. 
5 (3) It is possible to change the thickness of liquid 
flow-path structural material partially in order to pro- 
vide a liquid discharge head having a higher me- 
chanical strength thereof. 

(4) It is possible to perform recording in high image 
10 quality, because the liquid discharge head can be 

manufactured to be able to discharge at high speed 
with extremely high displacement precision. 

(5) It is possible to obtain a liquid discharge head 
having multi-array nozzles in high density by use of 

15 simple means. 

(6) It is easy to change designs and controls, be- 
cause the height of liquid flow path, and the length 
of orifice portion (discharge port portion) are easily 
controlled and changed by means of the thickness 

20 of coated film of resist film in high precision. 

(7) It is possible to manufacture a liquid discharge 
head in good production yield, because the 
processing condition can be defined In extremely 
high process margin by use of themrio-bridge type 

25 positive resist. 

[0120] A method for manufacturing a microstructure 
comprises the steps of forming positive type resist layer 
(PMM A) on a base plate having heater formed thereon; 

30 forming positive type resist layer (PMIPK) on the afore- 
said positive type resist layer; exposing the positive type 
resist layer on the upper layer to ionizing radiation of the 
wavelength region that gives decomposition reaction to 
the positive type resist layer (PMIPK) for the fomnation 

35 of a designated pattern by development; exposing the 
positive type resist layer on the lower layer to ionizing 
radiation of the wavelength region that givens decom- 
position reaction to the positive type resist layer (PMMA) 
for the formation of a designated pattern by develop- 

40 ment; and coating photosensitive resin film having ad- 
hesive property on the resist pattern formed by the pos- 
itive type resist layer (PMMA) and positive type resist 
layer (PMIPK); and then, dissolving the resist pattern to 
be removed afterthe resin film having adhesive property 

45 is hardened. 



Claims 

50 1 . A method for manufacturing a microstructure com- 
prising the following steps of: 

fonning on a base plate a first photosensitive 
material layer to be exposed to light of a first 
55 wavelength region; 

forming on said first photosensitive material 
layer a second photosensitive material layer to 
be exposed to light of a second wavelength re- 
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gion; 

irradiating light of said second wavelength re- 
gion to the surface of the base plate having the 
first and second photosensitive material layers 
formed thereon through a mask to enable only 5 
desired area of said second photosensitive ma- 
terial layer to react; and 
in-adiating light of said first wavelength region 
to the surface of the base plate having the first 
and second photosensitive material layers 10 
formed thereon through a mask to enable only 
desired area of said first photosensitive mate- 
rial layer to react, wherein 
the upper and lower patterns are made different 
with respect to the base plate by use of each of *5 
said steps, and 

said first and second photosensitive material 
layers are positive type photosensitive materi- 
als, and lights of said first and second wave- 
length regions are ionizing radiations. 

A method for manufacturing a microstructure se- 
quentially comprising the following steps of: 

forming on a base plate a first positive type pho- 2S 
tosensitive material layer to be exposed to light 
of a first wavelength region; 
forming on said first positive type photosensi- 
tive material layer a second positive type pho- 
tosensitive material layer to be exposed to light 3C 
of a second wavelength region; 
in-adiating light of said second wavelength re- 
•gion to the surface of the base plate having the 
first and second positive type photosensitive 
material layers formed thereon through a mask 5j 
to decompose only desired area of said second 
positive type photosensitive material layer to 
react without giving decomposition reaction to 
said first positive type photosensitive material 
layer, and subsequently, fomiing by develop- ^ 
ment a desired pattern on said second positive 
type photosensitive material layer on the upper 
layer; 

in-adiatlng light of said first wavelength region 
to the su rf ace of the base plate having the first ^ 
and second positive type photosensitive mate- 
rial layers formed thereon through a mask to 
decompose at least the designated area of said 
first positive type photosensitive material layer 
to react, and subsequently, fomning by devel- ' 
opment a desired pattem on said first positive 
type photosensitive material layer on the lower 
layer, wherein 

the upper and lower patterns are made different 
with respect to the base plate by use of each of - 
said steps. 

I. A method for manufacturing a microstructure ac- 



cording to Claim 2, wherein the positive type pho- 
tosensitive material layer on the lower layer Is ion- 
izing radiation decomposing type positive resist 
having methacrylate as the main component there- 
of, and the positive type photosensitive material lay- 
er on the upper layer is ionizing radiation decom- 
posing type positive resist having polymethyl iso- 
propenyi ketone as the main component thereof . 

. A method for manufacturing a microstructure ac- 
cording to Claim 3: further comprising the following 
steps of: 

coating by solvent coating method Ionizing ra- 
diation decomposing type positive resist having 
polymethyl isopropenyl ketone as the main 
component on Ionizing radiation decomposing 
type positive resist having methacrylate as the 
main component, wherein 
if said ionizing radiation decomposing type pos- 
itive resist having methacrylate as the main 
component is thermo-bridge type fomed by po- 
lymerizing the thermo-bridge component of 
methacrylic acid, chloride methacrylate, or gly- 
cidyl methacrylate, a step is provided for heat- 
ing said themno-bridge type positive resist be- 
fore coating by said solvent coating method. 

5. , A method for manufacturing a liquid discharge head 
comprising the following steps of: 

fonning a model pattern by removable resin on 
the liquid flow-path fonning portion on a base 
plate having liquid discharge energy generating 
element formed thereon; and 
fomiing liquid flow path by dissolving and re- 
moving said model pattern subsequent to coat- 
ing and hardening a covering resin layer on said 
base plate to cover said model pattern, wherein 
said step of fomiing said model pattern sequen- 
tially comprises the steps of: 

forming on the base plate a first positive 
type photosensitive material layer to be ex- 
posed to light of a first wavelength region; 
forming on said first positive type photo- 
sensitive material layer a second positive 
type photosensitive material layer to be ex- 
posed to light of a second wavelength re- 
gion; 

irradiating light of said second wavelength 
region to the surface of the base plate hav- 
ing the first and second positive type pho- 
tosensitive material layers fomned thereon 
through a mask to decompose only desired 
area of said second positive type photo- 
sensitive material layerto react without giv- 
ing decomposition reaction to said first 
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positive type photosensitive material layer, 
and subseq uently, f omriing by development 
a desired pattern on said second positive 
type photosensitive material layer on the 
upper layer; and ^ 
irradiating light of said first wavelength re- 
gion to the surface of the base plate having 
the first and second positive type photo- 
sensitive materia! layers fomned thereon 
through a mask to decompose at least the io 
designated area of said first positive type 
photosensitive material layer to react, and 
subsequently, fonning by development a 
desired pattern on said first positive type 
photosensitive material layer on the lower « 
layer. 

A method for manufacturing a microstructure ac- 
cording to Claim 5, wherein the positive type pho- 
tosensitive material on the lower layer is ionizing ra- 20 
diation decomposing type positive resist having 
methacrylate as the main component thereof, and 
the positive type photosensitive material on the up- 
per layer is ionizing radiation decomposing type 
positive resist having potymethyl isopropenyl ke- 25 
tone as the main component thereof. 

A method for manufacturing a microstructure ac- 
cording to Claim 6, further comprising the following 
step of; 

coating ionizing radiation decomposing type 
positive resist having polymethyl isopropenyl 
ketone as the main component on ionizing ra- 
diation decomposing type positive resist having 35 
methacrylate as the main component by sol- 
vent coating method, wherein 
if said ionizing radiation decomposing type re- 
sist having methacrylate as the main compo- 
' nent is thenno-bridge type formed by polymer- 40 
izing the themio-bridge component of meth- 
acrylic acid, chloride methacrylate, or glycidyl 
methacrylate, a step is provided for heating 
said thenmo-bridge type positive resist before 
coating by said solvent coating method. 

A method for manufacturing a liquid discharge head 
comprising the following steps of: 

forming a model pattern by removable resin on so 
the liquid flow-path fonning portion on a base 
plate having liquid discharge energy generating 
element formed thereon; and 
forming liquid flow path by dissolving and re- 
moving said model pattern subsequent to coat- 55 
ing and hardening a covering resin layer on said 
base plate to cover said model pattern, wherein 
said step of forming said model pattem com- 



prises at least the steps of: 

forming on the base plate a first ionizing ra- 
diation decomposing type positive resist 

film; 

forming on said first ionizing radiation de- 
composing type positive resist film a sec- 
ond ionizing radiation decomposing type 
positive resist film having polymethyl iso- 
propenyl ketone as the main component 
thereof; 

fomiing a desired pattern on said second 
ionizing radiation decomposing type posi- 
tive resist film on the upper layer by devel- 
opment subsequent to decomposing only 
desired area of said second ionizing radia- 
tion decomposing type positive film to react 
using Ionizing radiation of wavelength re- 
gion giving decomposition reaction to said 
second ionizing decomposing type positive 
resist film: and 

fonning a desired pattern on said first ion- 
izing radiation decomposing type positive 
resist film on the lower layer by develop- 
ment subsequent to decomposing at least 
a designated area of said first ionizing ra- 
diation decomposing type positive film to 
react using ionizing radiation of wave- 
length region giving decomposition reac- 
tion to said first tonlzing decomposing type 
positive resist film; 

coating photosensitive covering resin film 
on the resist pattern fonned by said first 
ionizing radiation decomposing type resist 
film and said second ionizing radiation de- 
composing type resist film, and forming 
said pattern by development subsequent 
to exposing the pattem containing dis- 
charge port communicated with said liquid 
flow path; 

decomposing the resist pattern formed by 
said first ionizing radiation decomposing 
type positive resist film and said second 
ionizing radiation decomposing type posi- 
tive resist film by In-adiation of ionizing ra- 
diation having wavelength region giving 
decomposition reaction to both said first 
ionizing radiation decomposing type posi- 
tive resist film and said second ionizing ra- 
diation decomposing type positive resist 
film; and 

dissolving and removing said resist pattern 
by dipping the base plate after completion 
of said steps in a designated organic sol- 
vent. 

9. A method for manufacturing a liquid discharge head 
according to Claim 8, further comprising the f ollow- 
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ing steps of: 



coating Ionizing radiation deconfiposlng type 
positive resist having polymethyl isopropenyl 
ketone as the main component on ionizing ra- 5 
diation decomposing type positive resist having 
methacrylate as the main component by sol- 
^ •■■-^A^erit^coatiogttEetlDGtdr^h^^ -n^- >: • - ' ■ . ^m^:- 

if said ionizing radiation decomposing type re- 
sist having methacrylate as the main compo- fO 
nent is themio-bridge type fonned by polymer- 
izing the thermo-bfldge component of meth- 
acrylic -acid, chloride methacrylate, or glycidyl 
methacryliare, a step is provided for heating 
«aid thermo-lDridge type positive resist before '5 ^ 
coaling by said solvent coating method. 

10. A liquid discharge head manufactured by the meth- 
od for manufacturing a liquid discharge head ac- 
cording to Claim 5. 



20 



11. A liquid discharge apparatus having a liquid dis- 
charge head manufactured by the method for man- 
ufacturing a liquid discharge head according to 
Claim 10. 
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